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Abstract 

Results are presented for F2/F2 and R d — RP from simultaneous measurements of 
deep inelastic muon scattering on hydrogen and deuterium targets, at 90. 120. 200 and 
280 GeV. The difference R d - i? p , determined in the range 0.002 < x < 0.4 at an average 
Q 2 of 5 GeV 2 , is compatible with zero. The x and Q 2 dependence of F d / F~ was measured 
in the kinematic range 0.001 < x < 0.8 and 0.1 < Q 2 < 145 GeV 2 with small statistical 
and systematic errors. For x > 0.1 the ratio decreases with Q 2 . 



For footnotes see next page. 
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1 Introduction 



In this paper we present an accurate, high statistics measurement of the ratio of the structure 
functions of the deuteron and the proton, F% /-F-f; an d of the difference, R d — RP, obtained in 
deep inelastic muon scattering at incident energies of 90, 120, 200 and 280 GeV. Here, R is 
the ratio of longitudinally to transversely polarised virtual photon absorption cross sections. 
The main motivations for this measurement are as follows: 

• From the measured ratio F d /F 2 P , the ratio of the neutron and proton structure functions 
can be extracted. In the parton picture of the nucleon F 2 n /F 2 p is related to the ratio 
of the down and up quark momentum distributions. Thus, a precise measurement of 
F2/F2 puts strong constraints on the flavour composition of the nucleon as a function 
of the quark momentum. 

• Although the proton and neutron have different flavour compositions, the Q 2 depen- 
dences of F p and F 2 are similar, resulting in a slight Q 2 dependence of F2 /F p which 
can be calculated in perturbative QCD. 

• Perturbative QCD also predicts that AR = R d — RP is sensitive to differences in the 
gluon distributions of the proton and the neutron. Thus, through a measurement of 
AR one can estimate such differences. 

The differential cross section for one photon exchange can be written in terms of the nucleon 
structure function F2{x,Q 2 ) and the ratio R(x,Q 2 ) as 

d 2 a(x,Q 2 ,E) 47ra 2 F 2 (x,Q 2 ) 
dxdQ 2 ~ "Q 1 x 

_Ql + ri-*i v 2 + Q 2 /e 2 ] 

V 4£ 2 [ Q 2 ' 2(1 + R(x,Q 2 ))f ' 1 ' 

where a is the fine structure constant, — Q 2 the four-momentum transfer squared, E the 
energy of the incident muon and m the muon mass. The Bjorken scaling variable, x, and y 
are defined as x = Q 2 /2Mv and y = v/E, where v is the energy of the virtual photon in 
the target rest frame and M the proton mass. Throughout this paper, cross sections and 
structure functions are always given per nucleon. 

To extract the structure function ratio, F d /F p } and the difference, R d — i? p , from the 
cross section ratio, cxa/dp, measurements at different incident energies with a large overlap 
in x and Q 2 are needed. If R d = RP, the ratios Od/Vp and F2/FP are equal, as is apparent 
from eq.(||). 

In the present experiment the ratio (7^/a p was obtained from a simultaneous measurement 
on hydrogen and deuterium in a symmetric target arrangement. This results in a cancellation 
of systematic errors due to spectrometer acceptance and normalisation and allows measure- 
ments in kinematic regions where the detector acceptance is small. 

The results presented here use the full NMC proton and deuteron data; they supersede 
those already published in refs. []l],|2],|3| that were based on part of the data. They cover a 
broad kinematic range 0.001 < x < 0.8 and 0.1 < Q 2 < 145 GeV 2 and have total systematic 
errors typically below 1%. 
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2 The experiment 



The NA37 experiment was performed at the M2 muon beam line of the CERN SPS. The 
data were taken in 1986 and 1987 at nominal incident energies of 90 and 280 GeV, and in 
1989 at 120, 200 and 280 GeV. The spectrometer is described in detail in refs. @,f§ and the 
layout for the 1989 run is shown in fig. [l]. 

The momenta of the incoming muons were determined with a beam momentum spec- 
trometer (BMS) and their positions in two hodoscopes (BHA, BHB) upstream of the targets. 
Scattered muons and produced hadrons were measured in a forward spectrometer consist- 
ing of a dipole magnet (FSM), proportional chambers (P), drift chambers (W) and trigger 
hodoscopes (H, S). Particles passing through a 2 m thick iron absorber were identified as 
muons. 

The measurements were performed simultaneously on hydrogen and deuterium. The tar- 
get system contained two sets of target pairs which were alternately exposed to the beam. In 
one pair the upstream target was liquid hydrogen and the downstream one liquid deuterium, 
while in the other pair the order was reversed. Frequent exchange of the two target sets 
(typically twice per hour) minimised the effect of any time dependent detector response. The 
targets were contained in 3 m long mylar cells. Their thicknesses were 21.06(1) g/cm 2 for 
H2 and 48.58(1) g/cm 2 for D2 with a 3.0(2)% HD admixture in the D2. The total amount of 
mylar in the beam was 0.12 g/cm 2 per target, including target superinsulation. 

For the 1989 data taking, upgrades were made to extend the accessible kinematic range 
towards smaller scattering angles, 9, thus allowing smaller values of x to be reached. The 
longitudinal vertex resolution was improved by adding an extra tracking chamber with 1 mm 
wire spacing (P0H) in front of the upstream target. To detect muons scattered at small 
angles, an additional trigger system (T14) was set up in addition to the two triggers (T1,T2) 
described in ref. 0, by using small scintillators (SI, S2, S4) placed just above and below the 
muon beam || . In this trigger only the central part of the beam was used to avoid triggering 
on divergent beam tracks. Additional tracking chambers (P67, W3) were installed behind 
the iron absorber to improve the reconstruction of small angle tracks. Also, the performance 
of the small angle trigger (T2) was improved considerably so that a large increase in the yield 
at small x values was obtained in 1989. 

The calibration of the scattered and incident muon momenta was done using various 
methods. The forward spectrometer magnet was calibrated to an accuracy of 0.2% by com- 
paring the observed 3/ip and K° masses with their known values. The beam momentum 
spectrometer was calibrated in dedicated runs by remeasuring the incident muon momentum 
in a purpose built spectrometer ||. An independent calibration of the BMS relative to the 
FSM was obtained using silicon microstrip detectors Q. The two BMS calibrations were 
averaged, leading to an accuracy in the incident muon momentum of 0.2%. 

3 Data analysis 

3.1 Extraction of cr d /a p 

The ratio of cross sections for the deuteron and the proton was obtained from the measured 
numbers of events in the four targets. The description of the event reconstruction can be 
found in refs. [Q, [|, 0. In any (x,Q 2 ) bin the number of scattered muons detected in the 
spectrometer and originating e.g. in the upstream hydrogen target is given by 

= <t>iP P of cX Af. (2) 
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Here <f>i is the integrated beam flux illuminating the targets of the first set, p p the number 
of target nucleons per unit area, <7 p ncl the inclusive cross section per nucleon and A^ p the 
acceptance. With equivalent expressions for the other three targets one obtains 



^-incl 



at u P /\rdown 

iVd 7Vd (3) 



under the assumption that = Ap P and A|j ow11 = Ap° wn . Thus the measured cross section 
ratio does not depend on the incident muon flux or the detector acceptance. 

To obtain the ratio of one photon exchange cross sections, Cd/ov,, the numbers of events 
in eq-dH) were replaced by the accumulated weights, a/a mcl , to correct for higher order elec- 
troweak processes. These radiative corrections were calculated using the method of ref. || 
as described in ref. || . This procedure includes corrections for the radiative tails of elastic 
and quasi-elastic scattering as well as for the inelastic radiative tails. For the calculation of 
the latter the structure function F2 and the ratio R are needed. Therefore the extraction of 
Cd/fp was performed in an iterative procedure. The structure function F% was fixed to the 
parametrisation of NMC, SLAC and BCDMS data from ref. and for R the parametri- 
sation of ref. was used. The structure function was taken as the product of F% 
and Od/cTp, which was determined from a fit in x and Q 2 to the presently measured ratio, 
assuming R d = R p . For the extrapolation of F% to Q 2 = 0, the model of Donnachie and 
Landshoff |^] was used, while R was assumed to be constant below Q 2 = 0.35 GeV 2 . For the 
form factor of the nucleon the parametrisation of Gari and Kriimpelmann jOJ was used and 
for the deuteron the parametrisation of Svarc and Locher H]. The suppression of quasi- 
elastic scattering in the deuteron was evaluated using the results of a calculation of Bernabeu 
and Pascual ||l5| . The iteration was stopped when the change in a^/a p was less than 0.1% 
in every x and Q 2 bin. 

To estimate the error due to radiative corrections the prescription given in ref. § was 
followed. For this estimate the upper and lower bounds of F% from ref. |1C] were used and the 
uncertainty on R for Q 2 > 0.35 GeV 2 was taken to be that of the parametrisation of ref. 11] 



enlarged by 50%; for Q 2 below 0.35 GeV 2 an error on R of +150% and -100% was assumed. 
For the form factors and the suppression factor alternative parametrisations were used to 
estimate the associated systematic uncertainties. To estimate the influence of the functional 
form chosen to parametrise cr^/ap, the procedure was repeated with a parametrisation of 
0"d/<T p that was a function of x only. The total error due to the radiative corrections was at 
most 2% at the smallest x. 



3.2 Data selection 

To check the assumption of equal acceptances for the two upstream and the two downstream 
targets the beam flux ratio 



>2 



<Pi \ iv P up iv d d 



/V up /Vdown 

d P (4) 



own 



was used. It should not depend on any variable characterising the event. Thus, cuts were ap- 
plied in order to remove events from kinematic regions where the flux ratio was not constant, 
e.g. at the edges of the distributions of the scattering angle, 9, and the energy transfer, v. 
The time dependence of the detector acceptance was investigated using the acceptance 
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ratio calculated from 



^down 



iVd 7Vp (5) 



\ down down 



for consecutive exposures of the two target sets. No significant time dependence of the ratio 
was observed except for brief periods where experimental problems could be identified, and 
whose data were discarded. 

In this analysis we have included the information from the large drift chambers (W45) as 
described in ref. || contrary to what was done in the F2 analysis ||. Thus the measurement 
of cross section ratios could be extended to larger scattering angles and hence to larger Q 2 . 
Cuts were applied to the incoming muon distributions such that the incident flux was identical 
for the upstream and downstream targets. Cuts on the interaction vertex position were used 
to associate the events to one of the targets. 

For events selected by the small x trigger, T14, a cut of x min = 0.001 removed the data 
around x = m e /m p = 0.544 • 10 -3 , dominated by elastic scattering from atomic electrons 
fq,|lq|. The contamination from these events in the region with x > 0.001 was estimated from 
a Monte Carlo simulation to be less than 0.5% for x < 0.002 and negligible elsewhere. 

The final data samples were obtained from the reconstructed events by applying the 
kinematic cuts listed in table |]. The cuts exclude kinematic regions where higher order 
electroweak processes dominate, which are contaminated with muons from hadron decays or 
have poor kinematic or vertex resolution. In addition, certain (x, Q 2 ) bins at the edge of the 
acceptance were removed; in particular, bins were discarded which had only a few events from 
one of the targets or if their area AxAQ 2 was reduced by more than half by the kinematic 
cuts. 



E 


Trigger 


2/max 


Pmin 


^min 


"max 


^min 


^max 


No. of events 


(GeV) 






(GeV) 


(GeV) 


(GeV) 


(mrad) 


(mrad) 


after cuts 


280 


Tl 


0.9 


40 


10 




10 




1.41 • 10 e 




T2 


0.9 


40 


15 




5 


17 


1.75 • 10 6 




T14 


0.9 


40 


20 




3.75 


14.4 


0.34 • 10 6 


200 


Tl 


0.9 


30 


15 




10 




0.71 • 10 e 




T2 


0.9 


30 


20 


160 


6 


17 


0.36 • 10 6 




T14 


0.9 


30 


20 




3.75 


14.4 


0.25 • 10 6 


120 


Tl 


0.9 


20 


7 




14.3 




1.12 • 10 e 




T2 


0.9 


20 


10 


90 


6 


17 


0.31 • 10 6 




T14 


0.9 


20 


10 




3.75 


14.4 


0.18 • 10 6 


90 


Tl 


0.9 


15 


5 




13 




1.80 • 10 e 




T2 


0.9 


15 


5 




3 


17 


0.18 • 10 6 



Table 1: Kinematic cuts applied to the eleven data sets classified by energy and trigger. The 
scattered muon momentum is indicated by p'. 

The total number of events in the analysis after cuts is 2.7 • 10 6 for hydrogen and 5.7 • 10 6 
for deuterium. This is more than double the number of events in the analysis of ref. Q, with 
the increase largest at small x. About a quarter of the events were used in the determination 
of F 2 d , F 2 P and R of ref. @- 
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3.3 Further corrections to <j&/<j p and systematic errors 

Several corrections were applied to the data in addition to the radiative corrections discussed 
earlier. The finite resolution of the spectrometer caused some vertices to be reconstructed 
outside the targets or even to be associated to the wrong target. To estimate the number 
of such events, the longitudinal vertex distributions were fitted in several intervals of the 
scattering angle. These fits were used to determine the optimal vertex cuts and the corrections 
due to the tails of the distributions. These corrections varied between 0.1% and 1% and the 
error was taken as half the value with a minimum of 0.1%. 

The correction due to the finite kinematic resolution of the spectrometer was taken from 
a Monte Carlo simulation of the experiment. This correction was usually much below 1% 
except for x > 0.4 where it reached several percent for the lowest Q 2 bins. The error was 
taken to be 30% of the correction. 

In addition, the effects of the HD admixture in the deuterium and of the mylar in the beam 
were taken into account, yielding changes in the ratio of about 1% and 0.3%, respectively. 
The errors on the ratio due to the uncertainties on these corrections were less than 0.1%. 

The corrections were taken into account separately for each of the eleven sets of data 
listed in table |l|. For the further analysis the ratios were interpolated to the centre of each x 



bin and the results for each incident energy obtained by taking the geometrical average 1£] 
of the corresponding data sets. 

The total systematic error on a^/a p was determined by adding in quadrature the contri- 
butions from the uncertainties on the muon momenta, on the radiative, vertex and smearing 
corrections and on those due to the functional form used to describe the ratio during the 
iterations. The latter four were assumed to be fully correlated between the data sets. The 
uncertainties in the hydrogen and deuterium densities and target lengths led to an addi- 
tional normalisation error which is smaller than 0.1% (relative normalisation uncertainties 
are discussed in section 5). 

4 Results for R d - R p 

The difference AR = R d - R? was determined following the method described in ref. ||. 
From eq. (Jl|) the cross section ratio, 0d/<7p, can be related to the structure function ratio, 
F 2 d /F 2 p , and R d and BP through 

°i (x n 2 E) _ F i (x Q2, l + R p (*,Q 2 ) l + e.R\x,Q 2 ) (6) 
-{x,Q ,E) - ^( X ,Q ) 1 + i?d(X)Q2) 1 + £ . RP{X:Q 2 ) ■ (6) 

The dependence of the cross section ratio on the incident energy E appears only through the 
polarisation parameter e 




2m 2 V 2 + w 



Q 2 l-y 



Q 2 
IE 7 



(7) 



This coefficient is always smaller than unity and mainly dependent on y = u/ E. Expanding 
ec L-@ one obtains to first order in AR 

1 ~ -=-^R\ , (8) 




(l + R)(l + eR) 



S 



where R = (R d + RP)/2. Because AR is small, a^/a p is insensitive to R. The sensitivity to 
AR is largest for those (x, Q 2 ) bins where the range in e is widest. Fig. |2| shows schematically 
the behaviour of the cross section ratio as a function of Q 2 for different energies: the small Q 2 
(large e) data at each energy are insensitive to AR, but at large Q 2 (small e) the sensitivity 
becomes significant. Thus the data at large e are mainly sensitive to i^/i 7 ^ while AR is 
determined by the small e data. 

We chose to determine a Q 2 -averaged value of AR for each x bin separately, fitting a 
parametrisation of o&jo v to the data using eq.(||). Four parameters were used: AR, R 
and the two parameters of the function F2/F2 = a± + a^hiQ 2 . Previous measurements of 
R [17, 19,2(| were included in the fits to loosely constrain the value of R. By fitting eq.(^ 



to all data in each x bin, the Q 2 -averaged value of AR was determined with higher accuracy 
than would have been achieved if the analysis had been restricted to the regions of overlap 
in Q 2 . The lowest x bin was excluded because the range in e is too small. Data at large x 
were not included because of their low sensitivity to AR. The fits describe the data well in 
all x bins with a total x 2 of 472 for 515 degrees of freedom. 

The systematic errors on AR were calculated by shifting the measured cross section ratios 
by the error due to each source separately and repeating the fits. All contributions to the 
error on AR were then added in quadrature. The dominant contributions were due to the 
uncertainties on the radiative corrections at small x, on the normalisation at medium x and 
on the muon momenta at large x. 

The results for AR are shown in fig.|3| and listed in table S they cover the range 0.003 < 
x < 0.35. The (Q 2 ) given in table § were evaluated using weights derived from the sensitivity 
of each of the data points to AR. The values of AR are small; this is most significant at 
small x, i.e. small Q 2 , where R is large (R « 0.3 for x w 0.01, Q 2 ra 2 GeV 2 jf?} ?]). No 
significant x dependence of AR is observed. Averaging the measurements over x one obtains 

AR = 0.004 ± 0.012(stat) ± 0.011(syst.), (9) 

compatible with zero, at (Q 2 ) = 5 GeV 2 . 

In fig. [| we also show the results on AR at higher x obtained from the SLAC experiment 
E140X [23] and from a reanalysis of earlier SLAC data [11|, which agree very well with 



the present values. The SLAC results were determined using only kinematic regions where 
measurements at different energies overlap in x and Q 2 . We have re-evaluated AR from the 



SLAC data in ref. [11 with the method described above and find almost identical results but 



with smaller errors [E41. Differences of R have also been measured for several combinations 



of nuclei (see refs. j3j,|21, 22, 23]) and were found to be compatible with zero. 

In next to leading order perturbative QCD, the x and Q 2 dependence of R is related 
to that of the singlet structure function 1 and the gluon distribution xG through the 
longitudinal structure function 



Fl(i , q2) = / Q Ff(ro , Q2) + ™ wGiM _ £,) £ (10) 



and 



H[X ' V) F 2 (x,Ql) - F L (x,Q 2 ) ■ { ' 

For x < 0.10, the gluon distribution dominates the integral of eq.(10). Thus, at small x, AR 
is sensitive to the difference between the deuteron and proton gluon distributions. The solid 
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X 


(Q' z ) 


y Range 


e Range 


R d - RP 


Stat. 


Syst. 




(GeV 2 ) 












error 


error 


0.0030 


0.68 


0.31 


- 0.76 


0.944 


- 0.461 


0.045 


0.088 


0.047 


0.0050 


0.99 


0.20 


- 0.72 


0.989 


- 0.523 


0.103 


0.073 


0.044 


0.0080 


1.8 


0.13 


- 0.80 


0.992 


- 0.389 


0.002 


0.037 


0.024 


0.0125 


2.9 


0.08 


- 0.78 


0.997 


- 0.420 


-0.046 


0.038 


0.014 


0.0175 


4.0 


0.09 


- 0.79 


0.996 


- 0.389 


-0.022 


0.039 


0.011 


0.025 


5.0 


0.07 


- 0.74 


0.998 


- 0.494 


0.023 


0.030 


0.009 


0.035 


8.1 


0.06 


- 0.77 


0.998 


- 0.444 


0.029 


0.038 


0.009 


0.050 


11.1 


0.06 


- 0.74 


0.998 


- 0.492 


0.025 


0.033 


0.007 


0.070 


15.3 


0.06 


- 0.73 


0.998 


- 0.509 


-0.082 


0.046 


0.007 


0.090 


20.1 


0.06 


- 0.75 


0.998 


- 0.468 


-0.025 


0.056 


0.007 


0.110 


25.0 


0.06 


- 0.77 


0.998 


- 0.431 


0.100 


0.062 


0.008 


0.140 


27.8 


0.06 


- 0.73 


0.998 


- 0.506 


0.032 


0.067 


0.012 


0.180 


37.1 


0.06 


- 0.69 


0.998 


- 0.558 


-0.124 


0.084 


0.014 


0.225 


38.8 


0.06 


- 0.73 


0.998 


- 0.507 


0.043 


0.115 


0.022 


0.275 


57.2 


0.05 


- 0.64 


0.998 


- 0.642 


0.082 


0.125 


0.022 


0.350 


62.7 


0.04 


- 0.60 


0.999 


- 0.693 


-0.003 


0.159 


0.039 



Table 2: Values of AR = R d — RP determined at x and (Q 2 ). The calculation of (Q 2 ) takes 
into account the sensitivity of the data points to AR. In addition the y and e range of the 
data for each x bin are given. 



line in fig.|| shows a QCD prediction for AR assuming equal gluon distributions; the values 
of F2 were taken from ref. []l(| and the approximation was made that F^ 1 ~ F d , whereas 
xG was taken from the QCD analysis in ref. [26|. The dashed and dotted lines in fig. § were 
calculated using a gluon distribution for the deuteron scaled by 1.1 and 1.2, respectively. 
Within perturbative QCD this sets a limit on a possible difference between the proton and 
the deuteron gluon distributions of about 10%. We have not investigated the sensitivity of 
AR to possible higher twist effects. 



5 Internal consistency of the data 

We have looked for possible normalisation shifts of the data at 90, 120, 200 and 280 GeV 
by repeating the calculation of AR with four additional normalisation parameters in the fit. 
The x 2 improvement is not significant and the normalisation shifts suggested by the fit were 
-0.11%, -0.01%, +0.18% and +0.06%, respectively, with typical errors of 0.16%. This shows 
that the internal consistency of the data taken over the course of four years is very good. 
The compatibility of these shifts with zero indicates that there is no additional normalisation 
uncertainty on a^/a p at the level of 0.15%. The change in AR was everywhere much smaller 
than the statistical error. 
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6 Results for F 2 d /F 2 p 



Structure function ratios can be determined from the measured cross section ratios once AR 
and R are known. As AR is compatible with zero we have taken the structure function ratio, 
Ff/F^, to be equal to the cross section ratio, Od/Vp. 

The geometrical average of the data at the four energies was taken, and the resulting 
values for i 7 ^ / F p in bins of x and Q 2 are given in table ||. Fig. [| shows the ratio as a function 
of Q 2 in each x bin. The average systematic error is about 0.4% and almost all the data have a 



systematic error smaller than 1%. A comparison to results from SLAC [29] and BCDMS |3(]] 
for F2/F2 is shown in fig.|6] for three x bins and demonstrates good agreement. 

In most of the x bins the present data cover nearly two decades in Q 2 , with little depen- 
dence on Q 2 . To investigate possible Q 2 dependences, the data were fitted in each x bin with 
a linear function of In Q 2 

Fi/F 2 p = h + b 2 lnQ 2 . (12) 

Fig. shows the fitted slope parameter 6 2 as a function of x. The systematic uncertainties on 
hi were calculated by shifting the ratio by each of its systematic uncertainties and repeating 
the fits. The resulting contributions were added in quadrature. The results of the fits are 
given in table |4j. The total x 2 of these fits is 202 for 220 degrees of freedom. 

Also shown in fig. are two next to leading order QCD calculations, including target 



mass corrections, based on analyses of the NMC structure function data 27] and of the 
SLAC and BCDMS data The measured slopes are consistent with these perturbative 
QCD calculations although there may be deviations at x > 0.1 as was suggested in ref. 
However, in order to investigate the possible interpretation of the large x data in terms of 
significant higher twist effects, as was done in ref. @, a common analysis of the present data 
and the SLAC and BCDMS results is required. 

The results for F$/F$ averaged over Q 2 are listed in table |||. The statistical and system- 
atic errors are below 0.5% for most of the x range. The main contributions to the systematic 
errors stem from the uncertainty of the radiative corrections at small x and the uncertainty 
in the kinematic resolution and the momentum calibrations at large x. The ratio is consistent 
with unity at the lowest measured x. 

Neglecting nuclear effects in the deuteron, the neutron structure function is given by 
F2 = 2F2 — F p , and the ratio of the neutron and proton structure functions by 

The results for F^/F^ averaged over Q 2 calculated according to eq.(13) are shown in fig.||(a). 

The ratio F 2 n /-F 2 P determined using eq.(|l3|) may deviate significantly from the free nucleon 
ratio, (F 2 n /F 2 p )f ree , due to nuclear effects in the deuteron such as those observed in heavier 
nuclei (see e.g. ref. |3l]j). At small x, F% may be reduced due to shadowing effects, which 
are also observed in the real photon cross section on the deuteron (3^]. The ratio in fig. @(a) 
shows no clear indication of shadowing, but a few percent effect is not excluded. Near x = 1 
the effect of the extension of the kinematic range to x = 2 in the deuteron must become 
apparent, although our data do not extend to large enough x for this to become visible. 
Finally, at x ~ 0.5 there may be some depletion of F% as observed in heavier nuclei (the 
EMC effect). 

Fig.|8|(b) illustrates the size of the shadowing correction according to various models 32 



34, 3^] expressed as a correction to the ratio, 5/F 2 p = (F 2 n /F p )f ree — F^/F^, and calculated 
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at the x and Q 2 of the present data. All three models use QCD inspired approaches in 
the perturbative (high Q 2 ) region. In addition, the models of refs. 34] introduce a 



vector meson dominance contribution to shadowing, an important dynamical mechanism in 
the nonperturbative (low Q 2 ) regime. Meson exchange currents included in the models of 



refs. p4, 35] reduce somewhat the size of the shadowing correction. In the kinematic range 
covered by the present data the predicted shadowing corrections from these models are up 
to 0.02 - 0.05. 

A large number of calculations is available to determine the effects of Fermi motion and 
the extension of the kinematic range in the deuteron beyond x = 1 (see e.g. ref. ]^6|). They 
predict only small corrections in the x range of the NMC results. Many models have included 
effects which have been suggested as the source of the EMC effect at x ~ 0.5; for example 



refs. p7 , 38] suggest that nuclear binding effects could cause corrections as large as 0.05 at 



the largest x of the present data. 

In fig.|9](a) results for the x dependence of F£ / F~ from the Fermilab E665 collaboration 



[39] are compared to the present results. There is fair agreement between the two experiments 
while the accuracy of the NMC results is much higher. As can be seen in fig.[9|(b) the average 
Q 2 is quite similar in the region of overlap. The E665 results indicate a sizable shadowing 
effect at very small x; note that these data are at very small Q 2 . 

About half of the present data had been used 4C,OJ to determine the Gottfried sum 



l 

Sg = J(F2 — F^dx/x where the difference in the integrand was calculated from 
o 

F$-F? = 2Fi ^-^ 2 . (14) 

Using the present values for F d /F? and the parametrisation of F d of ref. [|l(J , one obtains a 
contribution to the Gottfried sum in the interval 0.004 < x < 0.8 of 0.2281 ± 0.0065 (stat), at 
Q 2 = 4 GeV 2 . This agrees within statistical errors with our previously published value ]ftH|. 



7 Summary 

The x and Q 2 dependence of the cross section ratio, cr^/a p , was measured in deep inelastic 
muon scattering at four incident energies with high statistics and a typical systematic accu- 
racy of 0.5%. The results cover the large kinematic range 0.001 < x < 0.8 and 0.1 < Q 2 < 145 
GeV 2 and were obtained from all the NMC proton and deuteron data. 

From the measured cross section ratios, the difference R d — HP was determined in the x 
range from 0.003 to 0.35. It is compatible with zero, as expected from perturbative QCD if 
the proton and deuteron gluon distributions are equal. 

The structure function ratio F^/F? shows no Q 2 dependence at small x and a small 
Q 2 dependence compatible with that expected from perturbative QCD at large x, although 
higher twist effects are not excluded. The ratio F2/FP indicates no sizeable shadowing in 
the x range covered by our measurements. 
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Table 3: The structure function ratio F2/F2 in bins of x and Q 2 with its statistical and 
systematic errors. The systematic error is the quadratic sum of the contributions given in 
columns 6-10. The contributions are: the error on the correction due to vertex resolution 
(VX); the error due to kinematic resolution (SM); the quadratic sum of errors from radiative 
corrections and the functional form of the ratio parametrisation (RC); the error due to the 
uncertainty of the incident muon momentum (E); the error due to the uncertainty of the 
scattered muon momentum (E'). The signs of E and E' correspond to an increase in the 
respective muon energy. 
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Table 3 (continued) 
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U.UUo ( 


O 9 
U.Z 


O 3 
—U.o 


9 
U.Z 


O 
U.U 


O 
U.U 


o hok 
U.UZO 


n ^o 
U.Oz 


u.yozu 


n (11Q1 
U.Ulol 


n nnoo 
U.UUzz 


O O 
U.z 


O 1 
—U.l 


O 1 
U.l 


O O 
U.U 


n o 
U.U 


o hok 
U.UZO 


n Q(i 
U.oO 


A OKQK 

u.yooo 


n ni K/1 
U.U104 


n nnoo 
U.UUzU 


o o 
U.z 


o o 
U.U 


n i 
U.l 


n o 
U.U 


n o 
U.U 


n 09K 
U.UzO 


1 1 Q 

l.lo 


a n(?Qi 

u.yooi 


n ni O/l 

U.Ulz4 


n AAOQ 

U.UUzo 


o o 
U.Z 


o o 
U.U 


O 1 

U.l 


o o 
U.U 


o o 
U.U 


n 09K 
U.UzO 


1 Q7 
l.O ( 


n no a n 

u.y»4y 


n (11 n77 

U.U1U ( 


n AA07 

U.UUz ( 


O Q 

U.o 


o o 
U.U 


O 1 

U.l 


o o 
U.U 


o o 
U.U 


n 09K 
U.UzO 


1 7/1 

1.(4 


a nono 

u.ysuz 


n AA77(? 

U.UU (0 


n AAOQ 


o o 
U.Z 


o o 
U.U 


O 1 

U.l 


n o 
U.U 


o o 
U.U 


o hok 
U.UzO 


O O/l 
Z.Z4 


A n^77 

u.yo ( ( 


n AA771 

U.UU ( 1 


n AAOO 
U.UUzU 


o o 
U.z 


o n 
U.U 


n i 
U.l 


n o 
U.U 


n o 
U.U 


o hok 
U.UZO 


O 7/1 
Z. (4 


A AKQ1 

u.yooi 


n AA'7/1 

U.UU(4 


n nm Q 
U.UUlo 


o o 
U.z 


o n 
U.U 


n i 
U.l 


n o 
U.U 


n o 
U.U 


n o?5 


3 4^ 


Q790 


006^ 


0023 


1 





2 








0.025 


4.47 


0.9764 


0.0085 


0.0017 


0.2 


0.0 


0.1 


0.0 


0.0 


0.025 


5.48 


0.9592 


0.0097 


0.0017 


0.2 


0.0 


0.1 


0.0 


0.0 


0.025 


6.92 


0.9893 


0.0085 


0.0032 


0.2 


0.0 


0.3 


0.0 


0.0 


0.025 


8.92 


0.9738 


0.0100 


0.0043 


0.1 


0.0 


0.4 


0.0 


0.0 


0.035 


0.36 


0.9557 


0.0375 


0.0064 


0.2 


-0.6 


0.2 


-0.1 


0.1 


0.035 


0.45 


0.9264 


0.0340 


0.0061 


0.2 


-0.6 


0.1 


0.0 


0.0 


0.035 


0.64 


0.9308 


0.0207 


0.0030 


0.2 


-0.2 


0.1 


0.0 


0.0 


0.035 


0.86 


0.9618 


0.0179 


0.0023 


0.2 


-0.1 


0.1 


0.0 


0.0 


0.035 


1.13 


0.9723 


0.0183 


0.0023 


0.2 


0.0 


0.1 


0.0 


0.0 


0.035 


1.38 


0.9633 


0.0138 


0.0025 


0.2 


0.0 


0.1 


0.0 


0.0 


0.035 


1.74 


0.9554 


0.0089 


0.0024 


0.2 


0.0 


0.1 


0.0 


0.0 


0.035 


2.24 


0.9572 


0.0087 


0.0022 


0.2 


0.0 


0.1 


0.0 


0.0 



16 



Table 



3 (continued) 



X 


Q 2 


F$/F$ 


Stat. 


Syst. 


VX 


SM 


RC 


E 


E : 




(GeV 2 ) 




error 


error 


in % 


in % 


in % 


in % 


in % 


0.035 


2.74 


0.9766 


0.0090 


0.0019 


0.2 


0.0 


0.1 


0.0 


0.0 


0.035 


3.46 


0.9565 


0.0069 


0.0021 


0.2 


0.0 


0.1 


0.0 


0.0 


0.035 


4.45 


0.9611 


0.0088 


0.0016 


0.1 


0.0 


0.1 


0.0 


0.0 


0.035 


5.47 


0.9669 


0.0111 


0.0018 


0.2 


0.0 


0.1 


0.0 


0.0 


0.035 


6.92 


0.9817 


0.0101 


0.0018 


0.2 


0.0 


0.1 


0.0 


0.0 


0.035 


8.96 


0.9686 


0.0115 


0.0021 


0.2 


0.0 


0.1 


0.0 


0.0 


0.035 


11.45 


0.9572 


0.0107 


0.0015 


0.1 


0.0 


0.1 


0.0 


0.0 


0.035 


14.36 


0.9439 


0.0144 


0.0031 


0.1 


0.0 


0.3 


0.0 


0.0 


0.050 


0.46 


0.9101 


0.0412 


0.0060 


0.2 


-0.6 


0.1 


-0.1 


0.1 


0.050 


0.61 


0.9539 


0.0214 


0.0063 


0.2 


-0.6 


0.1 


-0.1 


0.1 


0.050 


0.88 


0.9204 


0.0213 


0.0029 


0.2 


-0.2 


0.1 


0.0 


0.0 


0.050 


1.13 


0.9738 


0.0167 


0.0025 


0.2 


-0.1 


0.1 


0.0 


0.0 


0.050 


1.37 


0.9400 


0.0138 


0.0025 


0.2 


0.0 


0.1 


0.0 


0.0 


0.050 


1.74 


0.9532 


0.0092 


0.0025 


0.3 


0.0 


0.1 


0.0 


0.0 


0.050 


2.25 


0.9526 


0.0077 


0.0023 


0.2 


0.0 


0.1 


0.0 


0.0 


0.050 


2.74 


0.9642 


0.0077 


0.0020 


0.2 


0.0 


0.1 


0.0 


0.0 


0.050 


3.46 


0.9597 


0.0058 


0.0017 


0.2 


0.0 


0.1 


0.0 


0.0 


0.050 


4.46 


0.9551 


0.0069 


0.0015 


0.1 


0.0 


0.1 


0.0 


0.0 


0.050 


5.46 


0.9577 


0.0085 


0.0015 


0.1 


0.0 


0.1 


0.0 


0.0 


0.050 


6.90 


0.9682 


0.0076 


0.0015 


0.1 


0.0 


0.1 


0.0 


0.0 


0.050 


8.93 


0.9578 


0.0097 


0.0018 


0.2 


0.0 


0.1 


0.0 


0.0 


0.050 


11.44 


0.9532 


0.0087 


0.0014 


0.1 


0.0 


0.0 


0.0 


0.0 


0.050 


14.82 


0.9698 


0.0090 


0.0015 


0.1 


0.0 


0.1 


0.0 


0.0 


0.050 


19.19 


0.9635 


0.0119 


0.0022 


0.1 


0.0 


0.2 


0.0 


0.0 


0.070 


0.68 


0.9488 


0.0438 


0.0063 


0.2 


-0.6 


0.1 


-0.1 


0.1 


0.070 


0.86 


0.9595 


0.0344 


0.0063 


0.2 


-0.6 


0.1 


-0.1 


0.1 


0.070 


1.11 


1.0010 


0.0542 


0.0068 


0.2 


-0.6 


0.1 


-0.1 


-0.1 


0.070 


1.38 


0.9810 


0.0197 


0.0028 


0.2 


-0.1 


0.1 


0.0 


0.1 


0.070 


1.74 


0.9710 


0.0117 


0.0027 


0.3 


0.0 


0.1 


0.0 


0.0 


0.070 


2.24 


0.9477 


0.0111 


0.0023 


0.2 


0.0 


0.1 


0.0 


0.0 


0.070 


2.75 


0.9449 


0.0096 


0.0023 


0.2 


-0.1 


0.1 


0.0 


0.0 


0.070 


3.47 


0.9486 


0.0069 


0.0019 


0.2 


0.0 


0.1 


0.0 


0.0 


0.070 


4.47 


0.9370 


0.0079 


0.0016 


0.2 


0.0 


0.0 


0.0 


0.0 


0.070 


5.47 


0.9450 


0.0095 


0.0014 


0.1 


0.0 


0.0 


0.0 


0.0 


0.070 


6.91 


0.9367 


0.0082 


0.0015 


0.2 


0.0 


0.0 


0.0 


0.0 


0.070 


8.91 


0.9394 


0.0105 


0.0015 


0.2 


0.0 


0.0 


0.0 


0.0 


0.070 


11.40 


0.9328 


0.0105 


0.0018 


0.2 


0.0 


0.0 


0.0 


0.0 


0.070 


14.89 


0.9432 


0.0103 


0.0014 


0.1 


0.0 


0.1 


0.0 


0.0 


0.070 


19.63 


0.9371 


0.0103 


0.0013 


0.1 


0.0 


0.1 


0.0 


0.0 


0.070 


26.07 


0.9592 


0.0157 


0.0018 


0.1 


0.0 


0.2 


0.0 


0.0 


0.090 


0.90 


0.9678 


0.0540 


0.0065 


0.2 


-0.6 


0.1 


-0.1 


0.1 


0.090 


1.11 


0.9351 


0.0537 


0.0062 


0.2 


-0.6 


0.1 


-0.1 


0.1 


0.090 


1.38 


0.9385 


0.0281 


0.0032 


0.3 


-0.1 


0.1 


-0.1 


0.1 


0.090 


1.76 


0.9413 


0.0140 


0.0028 


0.3 


0.0 


0.1 


-0.1 


0.1 


0.090 


2.24 


0.9313 


0.0136 


0.0025 


0.2 


0.0 


0.1 


0.0 


0.1 


0.090 


2.75 


0.9445 


0.0124 


0.0024 


0.2 


-0.1 


0.1 


0.0 


0.0 


0.090 


3.49 


0.9360 


0.0082 


0.0021 


0.2 


-0.1 


0.1 


0.0 


0.0 


0.090 


4.47 


0.9397 


0.0089 


0.0018 


0.2 


-0.1 


0.0 


0.0 


0.0 
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Table 3 (continued) 



X 


Q 2 




Stat. 


Syst. 


VX 


SM 


RC 


E 


E ; 




(GeV 2 ) 




error 


error 


in % 


in % 


in % 


in% 


in% 


0.090 


5.46 


0.9420 


0.0106 


0.0016 


0.1 


-0.1 


0.0 


0.0 


0.0 


0.090 


6.91 


0.9245 


0.0092 


0.0016 


0.2 


0.0 


0.0 


0.0 


0.0 


0.090 


8.92 


0.9218 


0.0114 


0.0014 


0.1 


0.0 


0.0 


0.0 


0.0 


0.090 


11.37 


0.9254 


0.0115 


0.0017 


0.2 


0.0 


0.0 


0.0 


0.0 


0.090 


14.87 


0.9291 


0.0116 


0.0014 


0.1 


0.0 


0.0 


0.0 


0.0 


0.090 


19.74 


0.9319 


0.0114 


0.0013 


0.1 


0.0 


0.1 


0.0 


0.0 


0.090 


26.36 


0.9554 


0.0147 


0.0012 


0.1 


0.0 


0.1 


0.0 


0.0 


0.090 


34.74 


0.9233 


0.0222 


0.0017 


0.1 


0.0 


0.2 


0.0 


0.0 


0.110 


1.13 


0.9264 


0.0680 


0.0063 


0.2 


-0.6 


0.1 


-0.1 


0.2 


0.110 


1.38 


0.9005 


0.0306 


0.0031 


0.3 


-0.1 


0.1 


-0.1 


0.1 


0.110 


1.75 


0.9227 


0.0169 


0.0031 


0.3 


0.0 


0.1 


-0.1 


0.1 


0.110 


2.24 


0.9150 


0.0151 


0.0026 


0.3 


0.0 


0.1 


-0.1 


0.1 


0.110 


2.74 


0.9292 


0.0153 


0.0027 


0.3 


0.0 


0.1 


0.0 


0.1 


0.110 


3.49 


0.9205 


0.0097 


0.0022 


0.2 


-0.1 


0.1 


0.0 


0.1 


0.110 


4.47 


0.9114 


0.0098 


0.0020 


0.2 


-0.1 


0.0 


-0.1 


0.1 


0.110 


5.46 


0.9409 


0.0117 


0.0018 


0.2 


-0.1 


0.0 


0.0 


0.1 


0.110 


6.90 


0.9291 


0.0102 


0.0017 


0.2 


0.0 


0.0 


0.0 


0.0 


0.110 


8.92 


0.9266 


0.0127 


0.0014 


0.1 


0.0 


0.0 


0.0 


0.0 


0.110 


11.37 


0.9263 


0.0126 


0.0017 


0.2 


0.0 


0.0 


0.0 


0.0 


0.110 


14.85 


0.9272 


0.0130 


0.0015 


0.2 


0.0 


0.0 


0.0 


0.0 


0.110 


19.74 


0.9123 


0.0124 


0.0012 


0.1 


0.0 


0.0 


0.0 


0.0 


0.110 


26.52 


0.9272 


0.0147 


0.0011 


0.1 


0.0 


0.0 


0.0 


0.0 


0.110 


35.32 


0.9050 


0.0209 


0.0011 


0.1 


0.0 


0.1 


0.0 


0.0 


0.110 


44.94 


0.9039 


0.0345 


0.0019 


0.1 


0.0 


0.2 


0.0 


0.0 


0.140 


1.40 


0.9140 


0.0310 


0.0037 


0.3 


0.1 


0.1 


-0.2 


0.2 


0.140 


1.75 


0.9427 


0.0143 


0.0036 


0.3 


0.0 


0.1 


-0.2 


0.2 


0.140 


2.24 


0.9056 


0.0127 


0.0030 


0.3 


0.0 


0.1 


-0.1 


0.1 


0.140 


2.74 


0.9223 


0.0125 


0.0028 


0.3 


0.0 


0.1 


-0.1 


0.1 


0.140 


3.47 


0.8966 


0.0090 


0.0023 


0.2 


0.0 


0.1 


-0.1 


0.1 


0.140 


4.48 


0.9132 


0.0087 


0.0022 


0.2 


-0.1 


0.0 


-0.1 


0.1 


0.140 


5.47 


0.9242 


0.0095 


0.0020 


0.2 


-0.1 


0.0 


-0.1 


0.1 


0.140 


6.90 


0.9212 


0.0081 


0.0019 


0.2 


-0.1 


0.0 


-0.1 


0.1 


0.140 


8.92 


0.9147 


0.0100 


0.0016 


0.1 


0.0 


0.0 


0.0 


0.1 


0.140 


11.37 


0.8981 


0.0097 


0.0016 


0.2 


0.0 


0.0 


0.0 


0.0 


0.140 


14.84 


0.9068 


0.0101 


0.0017 


0.2 


0.0 


0.0 


0.0 


0.0 


0.140 


19.76 


0.9018 


0.0098 


0.0013 


0.1 


0.0 


0.0 


0.0 


0.0 


0.140 


26.55 


0.8924 


0.0110 


0.0011 


0.1 


0.0 


0.0 


0.0 


0.0 


0.140 


35.28 


0.9050 


0.0149 


0.0011 


0.1 


0.0 


0.0 


0.0 


0.0 


0.140 


46.95 


0.8453 


0.0191 


0.0010 


0.1 


0.0 


0.1 


0.0 


0.0 


0.180 


1.82 


0.8859 


0.0193 


0.0047 


0.3 


0.3 


0.1 


-0.2 


0.3 


0.180 


2.24 


0.8781 


0.0146 


0.0037 


0.3 


0.1 


0.0 


-0.2 


0.2 


0.180 


2.75 


0.9173 


0.0150 


0.0033 


0.3 


0.0 


0.0 


-0.2 


0.2 


0.180 


3.47 


0.8983 


0.0106 


0.0027 


0.2 


-0.1 


0.0 


-0.1 


0.1 


0.180 


4.47 


0.8811 


0.0117 


0.0022 


0.2 


-0.1 


0.0 


-0.1 


0.1 


0.180 


5.49 


0.9134 


0.0120 


0.0025 


0.2 


-0.1 


0.0 


-0.1 


0.1 


0.180 


6.92 


0.8869 


0.0093 


0.0022 


0.2 


-0.1 


0.0 


-0.1 


0.1 
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Table 3 (continued) 



X 


Q 


pd / pP 


Stat. 


oyst. 


V A 


OlVl 


Kb 


1 . 

rj 


rL 




(UeV ) 




error 


error 


in /o 


m /o 


m /o 


m /o 


m /o 


ft 1 Qfl 

U.loU 


q no 

o.yo 


U.oOzZ 


ft ft1 ftQ 

U.UlUo 


ft ftfti 
U.UUlo 



U.z 


1 
—U.l 


ft 
U.U 


ft 1 

—U.l 


ft 1 
U.l 


ft 1 Qfl 

U.loU 


1 1 Q7 
11. / 


U.OD (b 


ft 01 fin 

u.uiuy 


ft ftfti 7 
U.UU1 / 


ft 
U.z 


ft ft 

u.u 


ft 
U.U 


ft 1 

—U.l 


ft 1 
U.l 


ft 1 Qfl 

U.loU 


14. OO 


f\ QTQT 

U.o ( o < 


ft ft1 1 A 

U.U114 


ft ftfti Q 

U.UUlo 


ft 
U.z 


ft ft 

u.u 


ft ft 

u.u 


ft 1 

—U.l 


ft 1 

U.l 


ft 1 Qfl 

U.loU 


ly./o 


U.oozU 


ft ft1 ftQ 

U.UlUo 


ft ftfti A 

U.UU14 


ft 1 
U.l 


ft ft 

u.u 


ft ft 

u.u 


ft 1 

—U.l 


ft 1 

U.l 


ft 1 Qfl 

U.loU 


ZO.Ol 


U.oOo4 


ft 01 00 
U.Ulzz 


ft ftfti Q 

U.UUlo 


ft 1 

U.l 


ft ft 

u.u 


ft ft 

u.u 


ft ft 

u.u 


ft 1 

U.l 


ft 1 Qfl 

U.loU 


00. / 


U.O041 


ft fl1 

U.Uloo 


ft ftfti 1 
U.UU11 


ft 1 

U.l 


ft ft 

u.u 


ft ft 

u.u 


ft ft 

u.u 


ft 1 

U.l 


ft 1 Qfl 

U.loU 


4/ .Ul 


n 071 r 

U.O < lo 


ft flOftO 

U.UzUz 


ft ftfti ft 

U.UU1U 


ft 1 

U.l 


ft ft 

u.u 


ft ft 

u.u 


ft ft 

u.u 


ft ft 

U.U 




UO.U^i 


&Q70 


u.uzy / 


U.UUl 1 


n 1 

U.l 


n n 

u.u 


U.l 


n n 
u.u 


n n 

u.u 


ft 00 K 
U.ZZO 


Z.Zo 


u.oooz 


n fii 70 
U.U1 / z 


ft flft^^ 
U.UUoo 


ft Q 

U.o 


ft Q 

U.o 


ft ft 
U.U 


ft Q 
—U.O 


ft Q 

U.o 


ft ooc; 
U.zzo 


O TA 


U.O ( Ol 


ft 01 fii 
U.Ulbl 


ft ftfti A 

U.UU44 


ft 
U.z 


ft 1 
U.l 


ft ft 

U.U 


ft Q 

-U.o 


ft Q 

U.o 


ft oot; 
U.zzo 


o.4o 


n 071 /i 
U.o ( 14 


ft 01 fin 

u.uiuy 


ft flflQO 

U.UUoz 


ft 
U.z 


ft ft 
U.U 


ft ft 

U.U 


ft O 

-U.z 


ft 

U.z 


ft 00 K 

U.zzo 


/I /I7 

4.4 / 


U.o ( \jl 


ft ni 01 

U.Ulzl 


ft flfl07 

U.UUz / 


ft 
U.z 


ft 1 
—U.l 


ft ft 

u.u 


ft 1 
—U.l 


ft 

U.Z 


ft 00 K 

U.zzo 


£ /I7 

0.4/ 


(\ A A K 
U.5440 


ft fl1 Q7 


ft flflOQ 

U.UUzo 


ft 
U.z 


ft 1 
—U.l 


ft ft 

u.u 


ft 1 
—U.l 


ft 1 
U.l 


ft oo K 
U.zzo 


D.y / 


U.OOU i 


ft fii fii 
U.U1U1 


ft flftO/) 
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Table 3 (continued) 
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0.1 
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0.1 


-0.1 


0.675 


14.85 
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0.2 


0.6 


0.1 


0.0 
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0.675 


19.79 
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0.2 


0.6 


0.1 


-0.1 


0.1 


0.675 


26.49 


0.6717 
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0.0034 


0.1 


0.4 


0.0 


-0.2 


0.2 


0.675 


35.40 


0.7194 


0.0330 
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0.1 


0.3 


0.0 


-0.2 


0.3 


0.675 


47.03 


0.6959 
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0.0026 


0.1 


0.1 


0.1 


-0.2 


0.3 


0.675 


63.53 


0.7020 


0.0513 
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0.1 


0.0 


0.1 


-0.2 


0.3 


0.675 


99.03 


0.7724 


0.0645 


0.0034 
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0.2 


-0.2 


0.3 
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X 


(Q 2 ) 

(GeV 2 ) 


F$/F$ ± A stat ± A s y st 


b 2 ± A stat ± A s y st 





0015 


0.37 





9925 


± 


0.0092 


± 


0.0110 





0087 


± 


0.0178 


± 





0045 





0030 


0.66 





9846 


± 


0.0051 


± 


0.0078 





0055 


± 


0.0094 


± 





0007 





0050 


1.0 





9894 


± 


0.0047 


± 


0.0053 


-0 


0050 


± 


0.0082 


± 





0013 





0080 


1.6 





9789 


± 


0.0031 


± 


0.0037 





0012 


± 


0.0050 


± 





0012 





0125 


2.2 





9757 


± 


0.0029 


± 


0.0027 





0033 


± 


0.0043 


± 





0009 





0175 


2.9 





9798 


± 


0.0032 


± 


0.0024 





0002 


± 


0.0045 


± 





0010 





025 


3.5 





9723 


± 


0.0025 


± 


0.0022 





0053 


± 


0.0035 


± 





0009 





035 


4.6 





9621 


± 


0.0028 


± 


0.0019 





0029 


± 


0,0037 


± 





0008 





050 


5.8 





9586 


± 


0.0023 


± 


0.0018 





0050 


± 


0.0030 


± 





0008 





070 


7.3 





9449 


± 


0.0027 


± 


0.0017 


-0 


0073 


± 


0.0035 


± 





0008 





090 


8.5 





9344 


± 


0.0031 


± 


0.0017 


-0 


0030 


± 


0.0039 


± 





0008 





110 


9.6 





9227 


± 


0.0035 


± 


0.0018 


-0 


0003 


± 


0.0042 


± 





0007 





140 


10.9 





9094 


± 


0.0028 


± 


0.0018 


-0 


0103 


± 


0.0033 


± 





0008 





180 


12.5 





8814 


± 


0.0033 


± 


0.0018 


-0 


0116 


± 


0.0037 


± 





0010 





225 


13.8 





8587 


± 


0.0035 


± 


0.0019 


-0 


0054 


± 


0.0040 


± 





0013 





275 


16.7 





8370 


± 


0.0042 


± 


0.0022 


-0 


0082 


± 


0.0049 


± 





0016 





350 


19.6 





8015 


± 


0.0039 


± 


0.0023 


-0 


0119 


± 


0.0045 


± 





0020 





450 


23.4 





7629 


± 


0.0057 


± 


0.0026 


-0 


0099 


± 


0.0071 


± 





0024 





550 


25.7 





7327 


± 


0.0085 


± 


0.0029 


-0 


0035 


± 


0.0115 


± 





0024 





675 


26.9 





7202 


± 


0.0112 


± 


0.0036 


-0 


0115 


± 


0.0168 


± 





0031 



Table 4: The ratio F^/F^ and the logarithmic slopes b 2 = d(F 2 d /F 2 p )/dlnQ 2 determined at 
x and {Q 2 ). 
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1 989 NMC SPECTROMETER (Top view) 
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PV1 PV2 POD 



W4B W5B 



Beam momentum spectrometer 
Veto counters 
Beam hodoscopes 



BMS 

V1, V1.5, V3, V2.1, V2 
BHA, BHB 

POA-E.POH, PV1-2, P1-3, P4A-5C.P67 Proportional chambers 

FSM Forward spectrometer magnet 

W1-3, W4A-5B, W6-7 Drift chambers 

H1H, H1V, H3V, H3H, H4, H5 Large angle trigger (T1 ) hodoscopes 

H1', H3', H4' Small angle trigger (T2) hodoscopes 

S1 -4, H3", H4" Small x trigger (T1 4) hodoscopes 

H2 Hadron calorimeter 

f I Iron absorbers 



Y ( not to scale) 



i i i i i 



12 3 4 5 



Xfm^ 



Figure 1: The NMC spectrometer for the 1989 data taking. The beam calibration spectrom- 
eter is located downstream and not shown. 
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Figure 2: Comparison of F2/F2 (dashed line) and 0"d/cp (solid lines) for different incident 
muon energies of 90, 120, 200 and 280 GeV assuming Ai? = 0.05. The ratios are shown as a 
function of Q 2 at x = 0.025 for the Q 2 range covered by the data at each incident energy. 
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R d -R p 
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-0.2 



• NMC 

a SLAC 
□ E140X 



10 



1$ 



10 



X 



Figure 3: E140X [^jj. The inner error bars correspond to statistical errors and the full 
ones to the quadratic sum of statistical and systematic errors; for the E140X results only 
statistical error bars are given. 
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R d -R p 



0.2 



0.1 



-0.1 



-0.2 




Figure 4: Comparison of the present results to predictions from perturbative QCD. The 
solid line was calculated using the same gluon distribution for the proton and the deuteron, 
the dashed and dotted ones assuming an increase of xG for the deuteron of 10% and 20%, 
respectively. The numbers given at the bottom of the figure are the average Q 2 values for 
some x bins. 
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Figure 5: The structure function ratio F^/F^ as a function of Q 2 for each x bin. The error bars represent the statistical uncertainties 
and the size of the systematic errors is indicated by the bands. 
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Figure 6: Comparison of the present results with the ones from SLAC |2!| and BCDMS |3(]] 
for selected x bins. The SLAC data were rebinned in x and Q 2 . The error bars represent the 
statistical uncertainties. 
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Figure 7: The slope parameter 62 = d(F2 7 'F^) / 'dlnQ 2 as a function of x. The error bars 
represent the statistical uncertainties and the band indicates the size of the systematic errors. 
The curves are results of perturbative QCD calculations, using NMC structure function 
data §7| (solid line) and the combined SLAC and BCDMS data || (dashed line). The 
difference between the two curves is within their systematic uncertainties. 
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Figure 8: (a) The structure function ratio F^jF^ as a function of x. The error bars represent 
the statistical errors and the band at the bottom indicates the systematic uncertainty. The 
numbers given across the top of the figure are the average Q 2 values, (b) Model predictions 
for d/F^, the corrections to F2/F2 due to shadowing in the deuteron, from ref. [33| line(l), 
ref. || line (2) and ref. || line (3). 
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Figure 9: (a) Comparison of the x dependence of the present data for F^ jF^ with the results 
from the E665 collaboration [^] . The error bars represent the statistical errors and the bands 
at the bottom indicate the systematic uncertainties. (b) The average Q 2 of the E665 and 
the present data versus x. 
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